The Operative Treatment of Ununited Fractures of the Mandible. By PERCIVAL P. COLE, F.R.C.S.Eng. THE treatment of ununited fractures of the mandible may be designed to cure or palliate. Palliative treatment is afforded by the adaptation of a suitable prosthetic appliance. Cure can only be attained by direct surgical intervention. Palliation belongs exclusively to the dental surgeon. Cure lies in a realm shared equally by skilled dentists and skilled surgeons. The operative or curative treatment of ununited fractures of the mandible is concerned as much with the dentist as the surgeon, and I here take the opportunity of expressing my indebtedness to my dental colleagues and through them to the profession at large, for their invaluable assistance.
For the purposes of this survey fractures may be considered in relation to the extent of bony loss sustained. I shall deal first with those fractures in which non-union is associated with little or no loss of bone. Cases of non-union of this description occur most frequently at or near the angle. The posterior fragment is frequently edentulous and occupies a position internal or deep to the anterior fragment. This type of fracture is eminently suitable for wiring. Imbert and Re'al regard wiring as of doubtful value; but in my experience the operation has been uniformly successful. When the anterior fragment contains teeth, the ordinary open-bite bone-graft splint, described by Mr. Bubb, is employed. The posterior fragment is, however, left entirely uncontrolled, as it is obviously impossible to obtain accurate contact if both fragments are immobilized. When the lower jaw is edentulous no splint is employed. The site of the fracture is exposed through an incision extending slightly into the neck with its convexity downwards. The facial vessels invariably need division and ligature. The ends of the fragments are then exposed by cutting through the overlying soft tissues. This incision is made at the level of the lower border of the bone. The ends are then freely bared by the use of a small, sharp periosteal elevator. The posterior fragment is in this way freed sufficiently to allow easy approximation. It is surprising what full exposure can be obtained without opening the mouth. The fragments are then freshened, trimmed and drilled for the passage of the wire. The wire employed is silver No. 18 gauge. Traction is made on the wire, which is twisted when firm contact has been determined. The wound is then sewn up, the question of drainage being decided by the amount of persistent oozing which cannot be checked if much scar tissue is present. If a drainage tube is employed it is removed in twenty-four hours. Nine cases have been dealt with in this way with but one failure. This failure was due to the fact that operation was undertaken before latent sepsis had been eliminated. Infection with some necrosis took place, and further operative measures will be necessary to determine union. In no other case has any suppuration occurred and progress has been uneventful. It is my custom to remove these wires because they are, in my opinion, a source of weakness; because they may at some future time give trouble, and because it is not good that a patient should know of the presence of such a foreign body. Incidentally removal allows inspection of the site of fracture. Knowledge of the conditions actuallv present has demonstrated that a certain "give" or elasticity at the site of fracture can be elicited for some time after bony union has occurred. More particularly is this the case where at the site of fracture the jaw is shallow, and the neighbouring tooth-bearing alveolus maintains its original depth. This temporary flexibility may be termed " alveolar tilting." It may persist from one, to three months, and has frequently led to the diagnosis of non-union with consequent re-splinting and occasionally, perhaps, to operation. All saws, drills and burrs are driven by an electric motor. The Geiger motor used by me is like that of Albee, an American instrument.
It is superior to that of Albee in that the whole motor, cords and connexions can be sterilized by dry heat. For this purpose an automatic electric oven is used. The motor is placed in the oven and subjected to a heat of 120 C. for forty minutes. It is lubricated with paraffin, sterilized in an autoclave. Culture experiments undertaken for me in the bacteriological department of the King George Hospital, showedthat Staphylococcus aureus and Bacillus pyocyaneus were killed by this heat in half-an-hour. I have employed this electric motor for more than a year without any mishap attributable to the motor itself.
Plating has been another method employed in the operative treatment of ununited fractures with but slight loss of tissue. Two fractures, involving the ascending ramus have been dealt with in this way. In neither case was any attempt made to secure firm contact. The results have not been satisfactory, and the method has therefore been abandoned. Bony union cannot be expected in these end results unless contact is secured. Contact can only be brought about by traction on the fragments, and it is in this regard that the plate method is defective. A combined plate wire method has been employed in two cases. This method permits the determination of firm contact by traction, and at the same time does away with the necessity of exposing the deep aspects of the ends of the fragments. The difficulties of such exposure, particularly in fractures of the, ascending ramus, are so great that this method deserves consideration. Small two-holed silver plates with upturned ends are screwed into the fragments. Under these upturned ends a stout silver wire is passed, tightened until contact is secured and then twisted ( fig. 1 ).
Fractures with Considerable Loss of Tissue.-This group includes all cases of non-union in which the gap is so wide that any attempt at approximation of the fragments would lead to marked deformity and loss of function. Union in these cases can only be determined by the use of a free bony transplant or a pedicled bone-graft. The use of a pedicled graft has obvious advantages. The portion of bone transferred is possessed of blood supply sufficient to maintain its vitality. No question can arise as to its viability or the part played by it in determining union. Hitherto the attempts made to remedy mandibular defects have not been encouraging. Sternum, rib and clavicle have been employed, and the mastoid process has been suggested. The operations have been so formidable, and attended by such manifest disadvantages, that they have been but occasionally performed. A consideration of the behaviour of certain fractures in which large portions of the basal margin were apparently detached, led me to believe that a pedicled graft could be fashioned from this portion of the mandible. Anatomically this portion of the jaw gives attachment to the deep cervical fascia, the platysma, and the anterior belly of the digastric. When the extraordinary vascularity of the soft tissues of .the neck is remembered, it seemed clear that from an anatomical standpoint the procedure was feasible. The first operation planned on these lines was performed in June, 1917. Important modifications of the original procedure have been introduced and the technique now employed is as follows. An open-bite splint is fitted and fixed before operation is undertaken ( fig. 2 ). This preliminary fixation is an important advantage to the operator. It steadies the fragments and permits the necessary manipulations to be performed with greater ease and certainty. The open-bite position is essential if intratracheal methods of anaesthesia are employed. With but few exceptions, ether has been administered by intratracheal insufflation. A bone-graft operation cannot be successfully and smoothly concluded unless team work is exploited to its utmost limit. Dental surgeon, ansesthetist, surgeon, assistant and theatre staff must work as component and interested parts of the surgical machine. In these operations the margin for error is so small that consistent success can only be expected. by exacting attention to every detail. The incision in the skin extends low into the neck and is carried lower in front than behind ( fig. 3 ). The operation area is isolated by surrounding it with sterile towels. A flap is then turned up consisting of skin only, care being taken not to injure the underlying muscular fibres. Sterile towels are then clipped to the skin margins and bleeding is arrested ( fig. 4 ). The posterior fragment is then freely exposed. The posterior extremity only of the anterior fragment is displayed in order that the size of the gap may be gauged. An incision is then made through the soft parts clothing the outer aspect of the anterior fragment. This incision is parallel with the lower border of the jaw and lies immediately below the level of the buccal sulcus. Along this incision the basal portion of the jaw is sawn off to an extent sufficient to bridge the gap ( fig. 5 ). When the bone is completely divided the periosteum on its deep surface is incised. The bone fragment with its muscular pedicle is then gently freed from the underlying structures of the neck. This process is continued until the bone fragment can be easily adjusted in its new site without undue tension on its pedicle. The extremity of the posterior fragment is then trimmed to furnish as broad an area of contact as possible. Holes are then drilled through posterior and anterior fragments ( fig. 6 ). Through these holes fine silver wires are passed. These wires are made to perforate the pedicle close to its attachment to the bony fragment ( fig. 7 ). They thus surround the graft, and when tightened and twisted secure firm contact with freshened bone on each side of the gap. The deeper structures are united by a few catgut sutures (fig. 8 ). The wound is then sewn up, drainage being employed for twenty-four hours. The method is applicable to all cases in which the gap to be bridged does not measure more than 3 cm. It obviously cannot be employed in cases where the fracture involves the ascending ramus. It will be found, however, that a large proportion of cases of non-union can be dealt with in this way. The results obtained even in the early cases before the technique was perfected, have been so satisfactory that success in amenable cases can practically be guaranteed.
I
When loss of tissue exceeds 3 cm. the use of a free bone transplant is indicated. The bone-graft has been regarded with considerable distrust by dental surgeons and surgeons both of this and other countries. Doubt has been freely expressed as to the soundness of the procedure, and as a result numbers of patients have been and are being discharged with ununited fractures. Members of the dental profession, and particularly members of this Section, are frequently in a position to decide for or against operation. Patients have come to me who have been specifically warned against operation, and that in cases peculiarly suitable for surgical intervention. The attitude of uncertainty as to the position of the free bone-graft is largely determined by the antagonistic views freely expressed by Mr. J. F. Colyer in this country, and by such well-known writers as Imbert ReIal and Esser abroad. The best known and most enthusiastic exponent of bone-graft surgery is Albee. This *author claims 100 per cent. of successes, and draws special attention to -the practical aspect of the question. As Albee so succinctly puts it, "The knowledge of the exact histological role which the bone-graft -plays is fortunately immaterial to its clinical usefulness whether it serves as an osteo-conductive scaffold or as an active osteo-genetic force." Treatment from the beginning must be designed on the assumption -that a future bone-graft may be needed. Cases in which such loss of bone has occurred have usually suffered equal if not greater injuries to -the overlying soft tissues. Any plastic operation undertaken must have -as its object the satisfaction of two essential requirements. Endeavour should always be made to prevent adhesion of skin scars to the bone in the immediate neighbourhood of the fracture, and to provide a wellnourished pliable bed, sufficiently thick to admit the consequent :adaptation of the graft. I have found the use of decalcified bone of great service in this type of operation. It has constantly been employed in the presence of active suppuration, and on only one -occasion has it been extruded. No claim is made that union is in any way assisted by its use, nor has that been the object in view. As regards the technique of the grafting operation itself, the following appear to be the outstanding features. The fundamental principle adopted has been fixation, not only of the fragments but of the graft itself. The greatest difficulty encountered has been exposure of the posterior fragment when that has been left uncontrolled during treatment. This difficulty has been so great and so consistently met with in cases referred to us that it demands emphatic comment. I cannot as a surgeon protest too vehemently against the teaching that advocates the policy of the uncontrolled posterior fragment. Hence, too, the extraction from this fragment of any tooth or root which can in any way facilitate control is strongly to be deprecated. The danger of opening the mouth is, I think, exaggerated. It has only occurred to me on two occasions. As before mentioned, the exposure of the fragments that can be obtained is considerable. Should the mouth be knowingly entered the operation must be abandoned, as septic infection is sure to occur, with the probability that the whole graft will be extruded as a sequestrum. Another sepsis-determining accident is the inadvertent wounding of some lobules of the parotid gland. This happened on one occasion, but though a sinus formed, the graft has remained in position, and a successful result is confidently anticipated. Lindemann records a similar experience with less fortunate consequences. A still further source of sepsis is that which may arise from infection lying latent in the soft tissues. Such contamination is best avoided by delaying operation until at least three months have elapsed from the time that obvious sepsis has completely disappeared. The source of the graft has been the tibia wherever possible. When this bone has been utilized no attempt has been made to conserve the periosteum. Where definite curvature of the graft is necessary to. determine correct coaptation, rib has been used. .The whole thickness of the bone is employed, and the periosteum on its outer surface has been maintained intact. As far as can be judged no difference in behaviour has been determined by the presence or absence of periosteum. In nearly all cases fixation of the graft has been secured by the use of small silver plates and silver-plated screws.' The technique in the case of a tibial graft is as follows: The site of the fracture is exposed through an incision similar to that previously mentioned. The upturned flap is, however, thicker, as no particular object is gained by an endeavour scrupulously to maintain the platysma intact. The extremities of both fragments are freely exposed at the basal margin. These are then trimmed and freshened to provide as broad an area, as possible for contact with the graft. The tibia is then exposed by turning back a large flap hinged at the tibial crest. The size and shape of the graft, previously determined by means of callipers, and a pattern cut in sheet lead are then marked out on the tibial surface exposed. Within this area holes suitably situated are drilled and two small silver plates secured in position by small silver-plated screws. The graft consisting of the whole thickness from periosteal surface to medulla is then cut from "the tibia by circular saws driven by an electric motor. Graft and attached plates are then transferred to the site of the fracture and fixed in position by two screws perforating each fragment. The grafted area is covered by the deeper soft parts brought together by f continuous catgut suture. A drainage tube is inserted, and the skin wound sewn up. In the case of a rib graft a similar procedure is, employed, plates being attached to the rib segment previous to its remov&l. In only one case has any suppuration occurred in the costal or tibial wound, and this was attended by no untoward consequences. In one case plates and screws were left in situ. In other cases they have been removed some months after their insertion, as it was felt. that having accomplished their purpose they could only serve as a. possible source of subsequent trouble. Opportunity was thus afforded of inspecting the graft, and determining the nature of the changes taking place therein. The graft on these occasions has shown no evidence of independent vitality, but definite evidence of absorption and replacement, these processes being more advanced in the looser and less compact portions of the bone. In one case in which two sinuses made their appearance, from eight to ten weeks after the insertion of the graft, tiny sequestra have been exfoliated. The separation of a sequestrum can only be determined as the result of the action of living upon dead infected tissue. This phenomenon affords additional evidence that the graft is the site of active processes brought about by invasion of its substance by tissue derived from the ends of the living bone. That every endeavour should be made to eliminate sepsis is undoubted, but the advent of mild, localized septic infection does not necessarily determine failure.
Sepsis would appear to determine more rapid absorption, so that. deposition of bone is outstripped afid lags behind. Consolidation results much more slowly in such a case than in one which has run an aseptic course. These observations are in accord with those recorded by Lindemann, Albee, MacWilliams and Phemister. Eleven cases have been subjected to operation by this method. In one of these, the operation was abandoned as impracticable, after exposure of the fragment. Of the ten cases in which the operation was completed, sufficient time has elapsed to estimate the results in six. Four have been successful; one has been considerably improved, and one has been a complete failure. This gives a success percentage of 60. Of the remaining four, three have progressed so favourably that success is confidently anticipated. No selection of cases has been exercised; every case operated on has been a glaring example of floating nonunion, and the gaps have measured anything from 3 cnm. to 7 cm. in length. Under these conditions even, there seems no reason why success should not be obtained in 70 per cent. of cases dealt with. If cases are selected, an even higher percentage can be assured.
A brief review of the operative results of all forms of non-union shows that thirty-four cases have been subjected to operation. In two cases operation was abandoned as impracticable. Operation was completed in thirty-two cases. In twenty-two of these, sufficient tinme has elapsed to estimate results. In sixteen, complete success has been obtained, giving an inclusive success percentage of over 70 for all cases. There has been no mortality and no post-anaesthetic complications. In cases not immediately successful, persistent effort will attain the desired result if the determination of the patient is strong enough to overcome the disappointment and discouragement of initial failure. My estimate of non-union, based on experience gained, is that out of 1,000 unselected cases of fracture treated on ideal lines, non-union will occur in 100. In ten of these, operation to determine union will be impracticable. Of the remaining ninety, it should be possible to secure bony union in at least eighty. Let me finally appeal to you to endorse my conviction that this disabling condition can in the vast majority of cases be dealt with effectively by surgical means; further, that we have failed in our duty to our patients, to ourselves, and to our profession, if we onmit to urge the employment of such means, buoyed up in our failures by the knowledge that with greater experience these will become increasingly less frequent.
DISCUSSION.
Mr. NORTHCROFT: I recently stated that I had yet to see a successful bone-graft accompanied by perfect occlusion. Since then I have seen Mr. Cole's results, and I wish publicly to withdraw that statement. It seems a pity that the principle underlying the use of the open-bite method has not been more fully explained before now. The very essence of this method is the control of the edentulous posterior fragment by a padded extension piece, which enables one to think of the mandible as if the fragments were once more in continuity, and the use, then, of an anatomical articulator makes the question of correct occlusion no longer guess work.
Dr. H. P. PICKERILL: Mr. Bubb is right in retaining teeth whenever possible. If the root of a tooth is obviously in the fracture line, acting as a foreign body and introducing sepsis, of course immediate extraction is necessary, but otherwise teeth on either side of the fracture are best retained. In fact I have several cases under treatment at the present time where all the teeth in severe comminuted fractures of the anterior region of the mandible have been retained-with so far excellent results. The method of immediate surgical reduction as against prolonged mechanical or orthodontic methods is good. With regard however to circumferential wiring being necessary for the retention of splints, even in edentulous cases, I differ, as it is likely to introduce an unnecessary element of sepsis. I described a method nearly two years ago in the British Medical Journal of introducing screws into the under surface of the mandible, the beads projecting through the skin, and of utilizing these as teeth for a submandibular splint. In regard to the " openbite position " I am still unconvinced by Mr. Bubb's and Mr. Cole's arguments that in this position they can control the posterior fragment, at any rate by the methods shown. In none of the radiograms they have shown on the screen is the posterior fragment controlled or brought into correct position. That an "open-bite " splint is more comfortable to the patient or offers facilities for feeding unobtainable in the "closed " position cannot be maintained-in fact a man with thirty-two teeth in close apposition can be adequately fed and, moreover, will put on weight. Mr. Cole has shown a method of "plate-wiring" which is somewhat clumsy and unnecessary-when simple wiring of the fragments will do all that is necessary. It is quite simple to pass silver wire through holes drilled in the bone in any position whatever, and thus eliminate the necessity for two comparatively large plates, four screws, and the silver wire. With regard to the fixation of grafts, I have no experience of pedicle grafts, but I have used exclusively rib and tibial grafts, and have been very well pleased with results, and certainly think every patient with a definite loss of bone should be given the chance of a bone-graft to re-establish function which no mechanical apparatus can adequately supply. The method of fixation A-8b * Discussion on Treatment of Mandibular Fractures of grafts is of secondary importance so long as adequate adaptation is obtained. Mr. Hey Groves's experiments on cats support this view. Personally, I prefer to mortice a graft into position and then to secure it with fine wire, kangaroo tendon or autogenous bone screws. I quite realize that the " open-bite" position is favoured by Mr. Cole because it obviously suits the pedicle type of graft to have the " vertical " ramus and the "horizontal " ramus in as nearly a straight line as possible.
The PRESIDENT: It is evident from the collection of cases on view this evening that the operation of bone-grafting as a cure for ununited fractures of the mandible has passed beyond the experimental stage into the region of assured success in a very large proportion of cases. But such success can only be expected where a surgeon and a dentist work in close and sympathetic collaboration with the full understanding of each other's aims and efforts. No surgeon dealing with fractured jaws can afford to neglect this operation, and no ununited mandible should be given up as hopeless until it has been given a fair trial.
